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Method of manufacturing a multilayered dielectric film and semiconductor device 



(57) The present invention relates to a semiconduc- 
tor device manufacturing method for forming an inter- 
layer insulating film having a low dielectric constant by 
coating a copper wiring. The semiconductor device 
manufacturing method comprises the steps of preparing 
a substrate 21 from a surface of which copper wirings 
23 are exposed, and forming an interiayer insulating film 
having a low dielectric constant on the substrate 21. 



wherein the interiayer insulating film is formed of a multi- 
layered insulating film including a insulating film 24 that 
contacts with the copper wirings 23, and the Insulating 
film 24 is formed by plasmanlzing a film fonning gas con- 
taining an alkyi compound having an Si-O-Si bond and 
one oxygen-containing gas selected from the group 
consisting of N2O, HgO, and COg. whose flow rate is 
equal to or less than a flow rate of the siloxane, to react 
mutually. 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 5 

[0001 ] The present invention relates to a semiconduc- 
tor device in which an interlayer insulating film having a 
low diefectric constant is formed to cover a copper wir- 
ing, and a method of manufacturing the same. io 



2. Description of the Prior Art 

[0002] In recent years, with the progress of the higher 
integration and the higher density of the semiconductor is 
integrated circuit device, the higher speed of the data 
transfer rate is requested. For this reason, the insulating 
film having the low dielectric constant to give the small 
RC delay (referred to as a "low dielectric constant insu- 
lating film" hereinafter) is employed. For example, there 20 
are the SiOF film having the relative dielectric constant 
of 3.5 to 3.8, the porous Si02 film having the relative 
dielectric constant of 3.0 to 3.1 , etc. 
[0003] In contrast, the wiring material is being 
changed from the conventional aluminum (Al) to the 2s 
copper (Cu) wiring having the low electric resistance. 
[0004] Accordingly, in order to manufacture the sem- 
iconductor device having the conventional multi-layered 
copper wiring, the low dielectric constant insulating film 
is formed as the interlayer insulating film on the copper 30 
wiring. However, since nomially the copper is easily dif- 
fused into the low dielectric constant insulating film from 
the copper wiring, the leakage current between the up- 
per and lower wirings is Increased. Therefore, in order 
to prevent the diffusion of the copper element into the 35 
low dielectric constant insulating film, the development 
of the SiC-based barrier insulating film is earned out at 
the same time. 

[0005] The semiconductor device having the*copper 
wirings has a constitution that the SiC-based barrier in- 40 
sulating film and the low dielectric constant insulating 
film are laminated in sequence on the copper wirings. 
[0006] However, although its relative dielectric con- 
stant is relatively low such as about 5, the SiC-based 
barrier insulating film cannot sufficiently suppress the in- 45 
crease in the leakage cun-ent. In this case, in order to 
enoughly suppress the leakage current, the oxygen 
must be introduced much more into the SiC-based bar- 
rier insulating film. 

[0007] If to do so, the leakage current can be reduced so 
up to the satisfactory level, nevertheless such a new 
problem Is caused that the surface of the copper wiring 
Is oxidized and thus the barrier insulating film and the 
low dielectric constant insulating film is ready to peel. 

55 

SUMMARY OF THE INVENTION 
[0008] It is an object of the present invention to pro- 



vide a semiconductor device capable of reducing a leak- 
age current between copper wirings which sandwich an 
interlayer insulating film between them while preventing 
peeling-off of the interlayer insulating film when the in- 
teriayer insulating film made of a multi-layered insulating 
film having a low dielectric constant is formed between 
the copper wirings, and a method of manufacturing the 
same. 

[0009] The insulating film that comes Into contact with 
the wiring of the multi-layered wiring constituting the in- 
teriayer insulating film is fonned by plasmanizing the film 
forming gas containing the alkyi compound having the 
siloxane bond and any one oxygen-containing gas of 
N2O. HgO. and COg, whose flow rate is equal to or less 
than the flow rate of the alkyI compound gas. to react 
mutually. 

[0010] Since the insulating film is fomied by the plas- 
ma enhanced CVD method using the film fomiing gas 
containing the alkyI compound having the siloxane bond 
or the plasma enhanced CVD method using the alkyI 
compound having the siloxane bond and the gas con- 
taining the hydrocarbon, the dense insulating film hav- 
ing the low dielectric constant can be formed. 
[0011] Particularly, the film having the high density 
can be formed by employing the parallel-plate type plas- 
ma film forming apparatus, then connecting at least the 
low frequency power supply to the electrode side that 
holds the substrate, and then applying the low frequency 
power to the substrate. 

[001 2] Also, since the gas containing a small amount 
of oxygen is employed as the oxygen-containing gas 
serving as the oxidizing agent and also the flow rate of 
the oxygen- containing gas is set equal to or smaller 
than the flow rate of the alkyI compound, the oxidation 
of the copper wiring, a relative amount of oxygen in the 
film forming gas can be reduced. Therefore, the oxida- 
tion of the copper wiring, for example, can be prevented 
in fonning the film. In addition, when the copper wiring 
is covered with a barrier insulating film and then other 
interlayer insulating film having the low dielectric con- 
stant is fonned on the barrier insulating film, the barrier 
insulating film can prevents the copper wiring from being 
oxidized even if the oxygen-containing gas is contained 
in the film forming gas. 

[0013] Further, the barrier insulating film formed as 
described above is dense. Thus, if such barrier insulat- 
ing film is inserted between the upper and lower copper 
wirings, the leakage current between the copper wirings 
between which the interlayer insulating film is sand- 
wiched can be reduced by preventing the diffusion of 
the copper into the interlayer insulating film from the 
copper wiring, and also the dielectric constant of the 
overall interiayer insulating film can be reduced. 
[0014] As described above, according to the present 
invention, it is possible to fonri the interiayer insulating 
film that is dense, and results in the small leakage cur- 
rent between the copper wirings which sandwich the in- 
terlayer insulating film, and has the low dielectric con- 
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stant. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

FIGS. 1 A to 1F are sectional views showing a sem- 
iconductor device and a method of manufacturing 
the same according to a first embodiment of the 
present invention; 

FIG.2 is a graph showing characteristics of a rela- 
tive dielectric constant and a refractive index of a 
barrier insulating film as the first embodiment of the 
present invention; 

FIG.3 is a graph showing a characteristic of a leak- 
age current of the barrier insulating film as the first 
embodiment of the present invention; 
FIGS.4A and 4B are sectional views showing a 
semiconductor device and a method of manufactur- 
ing the same according to a second embodiment of 
the present invention; 

FIG.5 is a graph showing characteristics of a rela- 
tive dielectric constant and a refractive index of a 
barrier insulating film as the second embodiment of 
the present invention; 

FIG. 6 is a sectional view showing a structure of a 
sample employed in the characteristic examination 
of the barrier insulating films as the embodiments 
of the present invention; 

FIG.7 is a side view showing a configuration of a 
plasma film forming apparatus employed in a sem- 
iconductor device manufacturing method as em- 
bodiments of the present invention; 
FIG.8A is a timing chart showing the introduction 
timing of film fonning gases, that are employed in 
the semiconductor device manufacturing method 
as the first embodiment of the present invention, in- 
to the chamber of the plasma film forming appara- 
tus; and 

FIG.8B is a timing chart showing the introduction 
timing of film forming gases, that are employed in 
the semiconductor device manufacturing method 
as the second embodiment of the present invention, 
into the chamber of the plasma film forming appa- 
ratus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] Embodiments of the present Invention will be 
explained with reference to the accompanying drawings 
hereinafter. 

(First Embodiment) 

[001 7] FIG. 7 is a side view showing a configuration of 
a parallel-plate type plasma film forming apparatus 1 01 
employed in a semiconductor device manufacturing 



► eiTraoc 



odiments of the present inven- 



method according to < 

tion. 

[0018] This plasma film fonning apparatus 101 com- 
prises a film forming portion 101 A as a place where a 

5 barrier insulating film is formed on a substrate 21 by the 
plasma gas, and a film forming gas supply portion 1 01 B 
having a plurality of gas supply sources for supplying 
gases respectively to construct a film fonning gas. 
[0019] As shown in FIG.7, the film fonning portion 

10 1 01 A includes a chamber 1 whose pressure can be low- 
ered, and the chamber 1 is connected to an exhausting 
device 6 via exhaust pipings 4. A switching valve 5 that 
controls communication/non-communlcation between 
the chamber 1 and the exhausting device 6 is provided 

15 in the middle of the exhaust pipings 4. A pressure meas- 
uring means such as a vacuum gauge (not shown), etc. 
that monitors the pressure in the chamber 1 is provided 
to the chamber 1 . 

[0020] A pair of opposing upper electrode (first elec- 
20 trode) 2 and lower electrode (second electrode) 3 are 
provided in the chamber 1 . A power supply (RF power 
supply) 7 for supplying the high frequency power having 
a frequency 13.56 MHz is connected to the upper elec- 
trode 2, and also a power supply (LF power supply) 8 
25 for supplying the low frequency power having a frequen- 
cy 380 kHz is connected to the lower electrode 3. The 
film forming gas is plasmanized by supplying the power 
to the upper electrode 2 and the lower electrode 3 from 
these power supplies 7, 8. The upper electrode 2, the 
30 lower electrode 3, and the power supplies 7, 8 constitute 
a plasma generating means for plasmanizing the film 
fonning gas. 

[0021] The upper electrode 2 is used commonly as a 
distributor of the film forming gas. A plurality of through 

35 holes are formed in the upper electrode 2, and then 
opening portions of the through holes formed on a sur- 
face opposing to the lower electrode 3 act as discharge 
ports (inlet ports) of the film forming gas. The discharge 
ports for the film fomiing gas, etc. are connected to the 

40 film forming gas supply portion 101B via a piping 9a. 
Also, as the case may be, a heater (not shown) may be 
provided to the upper electrode 2. This is because the 
upper electrode 2 is heated up to the temperature of 
about 100 **C during the film formation to prevent the 

45 particles consisting of the reaction product such as the 
film forming gas, etc, from sticking onto the upper elec- 
trode 2. 

[0022] The lower electrode 3 is used commonly as a 
retaining table of a substrate 21, and has a heater 12 

50 for heating the substrate 21 on the retaining table. 
[0023] Supply sources for hexamethyldisiloxane 
(HMDSO: {CH3)3Si-0-Si(CH3)3), nitrogen monoxide 
(NgO). water (HgO), methane (CH4), and nitrogen (Ng) 
are provided to the film fonning gas supply portion 1 01 B. 

55 These gases are supplied appropriately to the chamber 
1 of the film forming portion 1 01 A via branch pipings 9b 
to 9f and the piping 9a to which all branch pipings 9b to 
9f are conn ected. Flow rate controlling means 1 1 a to 1 1 e 
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25 



and switching means 1 0?75"1 Ok for controlling the open/ 
close of the branch pipings 9b to 9f are provide in the 
middle of the branch pipings 9b to 9f , and also a switch- 
ing means 10a for controlling the open/close of the pip- 
ing 9a is provided in the middle of the piping 9a. Also, 
in order to purge the residual gas in the branch pipings 
9b to 9f by flowing the N2 gas. switching means 101 to 
10p for controlling the communication/non-communlca- 
tion between the branch piping 9f connected to the 
gas supply source and other branch pipings 9b to 9e 
respectively are provided. In this case, this gas purg- 
es the residual gas in the piping 9a and the chamber 1 
in addition to the branch pipings 9b to 9e. 
[0024] According to the above film fomiing apparatus 
101, there are provided the alkyi compound supply 
source (HMDSO), the hydrocarbon (CH)-containing gas 
supply source, and the oxygen-containing gas supply 
source, and also there is provided plasma generating 
means 2, 3, 7, 8 for plasmanizing the film forming gas. 
[0025] As a result, the barrier insulating film contain- 
ing Si. O, C, H can be formed by the plasma enhanced 
CVD method. Therefore, as shown In a third embodi- 
ment described in the following, the barrier insulating 
film that has the low dielectric constant and suppresses 
the diffusion of copper can be formed. 
[0026] Then, as the plasma generating means, there 
are a means for generating the plasma by using first and 
second parallel-plate type electrodes 2, 3. a means for 
generating the plasma by the ECR (Electron Cyclotron 
Resonance) method, a means for generating the heli- 
con plasma by radiating the high frequency power from 
the antenna, etc., for example. 

[0027] Power supplies 7, 8 for supplying high and low 
frequency powers respectively are connected to the first 
and second parallel-plate type electrodes 2, 3 among 
these plasma generating means. Accordingly, the plas- 
ma can be generated by applying these high and low 
frequency powers to the electrodes 2, 3 respectively. In 
particular, since the insulating film formed in this manner 
is dense and contains CH3. it has the low dielectric con- 
stant 

[0028] Then, concerning to the alkyI compound hav- 
ing a siloxane bond (that is, an Si-O-Si bond) and the 
gas containing the hydrocarbon as the film forming gas 
for the barrier insulating film, to which the present inven- 
tion is applied, followings can be employed as typical 
examples. 



(i) the alkyI compound having the siloxane bond: 
hexamethyldisiloxane (HMDSO: (CH3)3Si-0-Si so 
(CH3)3) octamethylcyclotetrasiloxane (OMCTS: 
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(ii) the gas containing the hydrocarbon: 

methane (CH4) 
ethylene (C2H4) 
ethane (CgHg) 



30 



35 



40 



45 



[0029] Next, a semiconductor device and a method of 
manufacturing the same according to the first embodi- 
ment of the present invention will be explained with ref- 
erence to FIG.1, FIG.7, and FIG.8A hereinafter. 
[0030] FIGS. 1 A to IF are sectional views showing the 
semiconductor device and the method of manufacturing 
the same according to the first embodiment of the 
present invention. HMDSO+NgO is employed as the film 
fonning gas, and timings of the introduction of respec- 
tive gases constituting the employed film forming gas 
are shown in FIG.8A. 

[0031] FIG.1A is a sectional view showing the state 
after the copper wiring is fornied. In FIG.1 A, a reference 
22 denotes an underiying insulating film, and a refer- 
ence 23 denotes a copper wiring (lower wiring) formed 
by the plating. Although not shown, a TaN film as a cop- 
per barrier against the underlying insulating film 22 and 
a Cu film formed by the sputter are formed from the bot- 
tom in sequence between the underiying insulating film 
22 and the copper wiring (lower wiring) 23. These films 
constitute a substrate 21 . 

[0032] Then, as shown in FIG.1 B, in this state, a bar- 
rier insulating film 24 is formed on the copper wiring 23 
by the plasma enhanced CVD method. In order to form 
the barrier insulating film 24, first the substrate 21 is in- 
troduced into the chamber 1 of the plasma film forming 
apparatus 101 and then held into a substrate holder 3. 
Then, the hexamethyldisiloxane (HMDSO) and the NgO 
gas are introduced into the chamber 1 of the plasma film 
forming apparatus 101 shown in FIG.6 at flow rates of 
50 seem and 30 seem respectively, and the pressure is 
maintained at 1 Torn Then, a power 1 00 W having a fre- 
quency of 380 kHz is applied to the lower electrode 3. 
No power is applied to the upper electrode 2. 
[0033] Accordingly, the hexamethyldisiloxane and the 
N2O are plasmanized. The barrier insulating film 24 
made of an insulating film having a thickness of about 
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50 nm and containing Si. O, C, H Is fornnecl by holding 
this state for a predetemnined time. According to the ex- 
amination, the fomied insulating film containing SI, O, 
C, H has a relative dielectric constant of about 3.2 when 
it Is measured at the frequency of 1 MHz, and a leakage 
current of 1 0'S A/cm2 when the electric field strength of 
5 MV/cm is applied. 

[0034] Then, as shown in FIG.1C, a silicon containing 
porous insulating film 25 having the low dielectric con- 
stant and having a thickness of about 500 nm is formed 
by the well-known plasma enhanced CVD method. As 
the method of fonning the silicon containing porous in- 
sulating film 25, for example, there are the method of 
forming the multi-layered insulating film by repeating the 
film fomiation by the low pressure thermal CVD method 
and the film fonnation by the plasma enhanced CVD 
method, the method of laminating the organic film and 
the SiOgfiim alternatively and then removing the organic 
by the ashing using the oxygen plasma, etc. 
[0035] Then, a thin and highly dense NSG film (silicon 
oxide film not containing the impurity) or an SiOC con- 
taining insulating film is fonned as a protection film 29 
for protecting the silicon containing porous insulating 
film 25 against the ashing and the etching. If the protec- 
tion film 29 is not formed, there is such a possibility that 
the silicon containing porous insulating film 25 is altered 
in quality by the processing gas when a photoresist film 
26 is ashed or the barrier insulating film 24 formed under 
the silicon containing porous insulating film 25 is etched, 
and thus the low dielectric constant characteristic is de- 
graded. In this case, the protection film 29 may be omit- 
ted as the case may be. 

[0036] Then,asshown in FIG. 1D, the photoresist film 
26 is formed, and then an opening portion 26a is formed 
In the photoresist film 26 in the via-hole forming area by 
patterning the photoresist film 26. Then, the interlayer 
insulating film 25 is etched via the opening portion 26a 
in the photoresist film 26 by the reactive ion etching 
(RIE) using the plasmanized CF4+CH Fa-based mixed 
gas to be removed. Accordingly, an opening portion 25a 
is formed to expose the barrier insulating film 24. Then, 
the photoresist film 26 is ashed. At this time, the barrier 
insulating film 24 has the etching resistance against the 
etching gas and the ashing gas for the above interlayer 
insulating film 25. As a result, the copper wiring is not 
badly affected by the etching gas. The concentration of 
the CF4+CHF3-based mixed gas may be adjusted by 
adding Ar+Og, etc, to CF4+CHF3. 
[0037] Then, as shown in FIG.IE, the barrier insulating 
film 24 is etched via the opening portion in the protection 
film 29 and the opening portion 25a in the interlayer in- 
sulating film 25 by the reactive ion etching (RIE) to be 
removed. As a gas for the reactive ion etching is used 
a plasmanized gas of both the gas employed in etching 
the interlayer insulating film 25 and the CF4+CHF3- 
based mixed gas changed in composition ratio thereof. 
Accordingly, a via hole 27 is formed to expose the cop- 
per wiring 23 on its bottom. At this time, the copper wir- 
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ing 23 has the etching resistance against the etching 
gas for the above barrier insulating film 24. As a result, 
the copper wiring 23 is not badly influenced by the etch- 
ing gas. In this case, a surface of the copper wiring is 

5 oxidized, but such oxidized surface of the copper wiring 
may be removed by exposing to the reducing gas, e.g., 
the NH3 gas, or the hydrogen plasma which is diluted 
by the inert gas such as argon, nitrogen , or the like, after 
the etching step of the barrier film via the ashing step of 

10 the resist film. Then, the photoresist film 26 is removed. 
[0038] Then, as shown in FIG.1F, a conductive film, 
e.g., an underlying conductive film 30 consisting of a 
barrier metal film such as tantalum nitride (TaN), or the 
like and a copper film formed by the sputter method is 

15 provided in the via hole 27. Then, a copper film 28a is 
buried on the underlying conductive film 30 and in the 
via hole 27. Then, an upper wiring 28b made of copper 
or aluminum is formed to be connected to the underlying 
wiring 23 via the copper film 28a. 

20 [0039] With the above, the formation of the upper wir- 
ing 28b can be completed. The upper wiring 28b is con- 
nected to the underlying wiring 23 through the via hole 
27 fomied in both the interiayer insulating film 25 and 
the barrier insulating film 24. 

25 [0040] Next, the examination results of characteristics 
of the barrier insulating film formed according to the first 
embodiment of the present invention will be explained 
hereunder. 

[0041] FIG.2 and FIG.3 are graphs showing the ex- 
30 amination results of the characteristics of the barrier in- 
sulating film formed by the semiconductor device man- 
ufacturing method according to the first embodiment of 
the present invention. F1G.6 is a sectional view showing 
a structure of a sample employed in the above exami- 
35 nation. 

[0042] The sample employed in this examination Is 
formed as follows. That is, as shown in FIG.6, a barrier 
insulating film 33 made of an SiOCH film is formed on 
a p-type silicon substrate 32 by the plasma enhanced 
40 CVD method using HMDSO and NgO as the film forming 
gas. Film forming conditions of the barrier insulating film 
33 will be given in the following. A film thickness of the 
barrier insulating film was 472.2 nm. 

45 (i) Film fonning conditions 



film forming gas (flow rate): HMDSO (50 seem) 

+N2O (x seem) 

gas pressure: 1 Torr 

substrate heating temperature: 350 'C 



50 



55 



The above N2O gas flow rate (x seem) was 
changed in the range of 0 to 50 seem, 
(ii) plasmanizing conditions 

high frequency power (13.56 MHz) Phf' 0 W 
low frequency power (380 kHz) Plf: 100 W 
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[0043] In addition, a m^Tcury probe 34 that has an 
electrode area of 0.0230 cm2, which contacts to the bar- 
rier insulating film 33. is brought into contact with the 
surface of the barrier insulating film 33. 
[0044] The C-V measuring method in which the high 5 
frequency signal of 1 MHz is superposed on the DC bias 
is employed when a relative dielectric constant is meas- 
ured, and the He-Ne laser whose wavelength Is 6338 In 
the ellipsometer is employed when a refractive index is 
measured. Also, when the leakage current is measured, io 
the silicon substrate 32 is grounded and the negative 
voltage is applied to the mercury probe 34, 
[0045] The measured results of the relative dielectric 
constant and the refractive index of the barrier Insulating 
film are shown in FIG.2. In FIG,2, a left side ordinate is 
denotes the relative dielectric constant represented in a 
linear scale, and a right side ordinate denotes the re- 
fractive Index represented in a linear scale. An abscissa 
denotes the NgO flow rate (seem) represented in a linear 
scale. As shown in FIG.2, the relative dielectric constant 20 
Is about 3,3 when the NgO flow rate is 0 seem and about 
3.41 when the NgO flow rate is 50 seem, and is in- 
creased with the increase of the flow rate. Also, the 
refractive Index is about 1.658 when the N2O flow rate 
is 0 seem, and is subsequently decreased with the in- 25 
crease of the NgO flow rate, and has the minimum value 
of about 1 .605 when the NgO flow rate Is 30 seem. Then, 
the refractive index is Increased in compliance with the 
increase of the N2O flow rate, and becomes about 1.615 
at the NgO flow rate of 50 seem. 30 
[0046] The measured result of the leakage current of 
the barrier insulating film Is shown in FIG.3. In FIG.3, an 
ordinate denotes the leakage cun^ent density (A/cm2) 
represented In a logarithmic scale, and an abscissa de- 
notes an electric field strength (MV/cm) that Is applied 35 
to the barrier insulating film 33 and represented in a lin- 
ear scale. In this case, a negative sign of the abscissa 
indicates that the negative potential is applied to the 
mercury probe 34. 

[0047] As shown In FIG.3. the resultant leakage cur- 40 
rent Is in the order of 10-9 A/cm2 at the electric field 
strength of 3 MV/cm. It is preferable that the leakage 
current should be suppressed lower than 1 0'^ A/cm^ at 
the electric field strength of 3 MV/cm in practical use. 
[0048] As described above, according to the first em- 45 
bodiment of the present Invention, the barrier insulating 
film 24 containing silicon (SI), oxygen (O), carbon (C), 
and hydrogen (H) is fonned between the lower wiring 
23 and the interlayer insulating film 25 by plasmanizing 
the silicon compound containing only Si, O, C, H as the so 
film forming gas to react. 

[0049] Since the silicon compound containing silicon 
(Si), oxygen (O), carbon (C), and hydrogen (H) is em- 
ployed and the oxidizing agent containing a small 
amount of oxygen is employed, the oxidation of the un- ss 
derlying wiring 23 caused when the barrier Insulating 
film 24 is formed can be suppressed. Also, since the un- 
derlying wiring 23 has already been covered with the 
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barrier insulating film 24 when the interlayer insulating 
film 25 is formed, the oxidation of the underlying wiring 

23 can be prevented even if the oxygen-containing gas 
is employed. 

[0050] In the meanwhile, nonnally the interlayer insu- 
lating film 25 having the low dielectric constant is po- 
rous, and thus the copper element is ready to diffuse 
from the outside. However. If the barrier insulating film 

24 is formed between the underlying wiring 23 and the 
porous interiayer insulating film 25, the entering of the 
copper element from the copper wiring 23 into the po- 
rous interiayer insulating film 25 is blocked by the barrier 
insulating film 24. As a result, since the diffusion of the 
copper can be prevented by fomiing the banier insulat- 
ing film 24 between them, the leakage current between 
the wirings 23, 28b that sandwich the porous interiayer 
insulating film 25 between them can be reduced and al- 
so the dielectric constant of the overall interiayer insu- 
lating film 25 including the bamer insulating film 24 can 
be reduced. 

[0051] For example, the film having the high density 
can be formed by employing the parallel -plate type plas- 
ma film fomilng apparatus, then connecting the low fre- 
quency AC power supply 8 and the high frequency RF 
power supply 7 to the lower electrode 3 and the upper 
electrode 2 respectively, and then setting the applied 
low frequency power higher than the applied high fre- 
quency power. 

[0052] In the above, HMDSO is employed as the sili- 
con compound containing only silicon (Si), oxygen (O), 
carbon (C), and hydrogen (H). But the other silicon com- 
pound mentioned above, e.g., oetamethylcyelotetrasi- 
loxane (OMCTS) may be employed. 
[0053] Also, NgO is employed as the oxygen-contain- 
ing gas. But the water (HgO) or the carbon dioxide (COg) 
may be employed. 

(Second Embodiment) 



[0054] FIGS.4A and 4B are sectional views showing 
a semiconductor device and a method of manufacturing 
the same according to a second embodiment of the 
present invention. 

[0055] A difference from the first embodiment of the 
present invention shown in FIG.1 is to employ the film 
forming gas adding the gas containing the hydrocarbon 
to the above silicon compound and N2O. In addition, oth- 
er differences reside in that the low frequency power is 
applied to the lower electrode 3, that holds the substrate, 
out of the parallel-plate type opposing electrodes, and 
that the high frequency RF power is also applied to the 
upper electrode 2 that opposes to the lower electrode 3. 
[0056] HMDSO+N2O+CH4 are employed as the film 
forming gas, and timings of the introduction of respec- 
tive gases constituting the film fonning gas into the 
chamber 1 are shown in FIG.8B. 
[0057] First, as shown in FIG.4A, the copper wiring 23 
is formed on the underlying insulating film 22. Then, 
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HMDSO, the NgO gas, and the CH4 gas as the gas con- 
taining the hydrocarbon are introduced into the channber 
1 of the plasma film forming apparatus 101 shown in 
FIG. 7, and then the barrier insulating film is formed on 
the copper wiring 23 by the plasma enhanced CVD 
method. This state Is shown in FIG.4B. 
[0058] More particularly, HMDSO. the NgO gas, and 
the CH4 gas are introduced into the chamber 1 of the 
plasma film forming apparatus 101 shown In FIG.7 at 
the flow rates of 50 seem, 30 seem and 50 seem respec- 
tively, and then the gas pressure in the chamber 1 can 
be maintained at 1 Torr. Then, the AC power 1 00 W hav- 
ing the frequency of 380 kHz is applied to the lower elec- 
trode 3, that holds the substrate, out of the parallel-plate 
type opposing electrodes, and also the high frequency 
RF power 50 W having the frequency of 13.54 MHz Is 
applied to the upper electrode 2 that opposes to the low- 
er electrode 3. Accordingly, since the film forming gas 
is plasmanized, a barrier insulating film 31a Is formed 
by holding this state for 5 seconds to cover the copper 
wiring 23. 

[0059] Next, examination results of characteristics of 
the barrier insulating film formed by the second embod- 
iment of the present invention will be explained with ref- 
erence to FIG.5 hereunder. 

[0060] FIG.5 is a graph showing examination results 
of characteristics of the barrier insulating film fonned by 
the semiconductor device manufacturing method ac- 
cording to the second embodiment of the present inven- 
tion. 

[0061] FIG. 6 is a sectional view showing a structure 
of a sample employed in the above examination. The 
sample employed in this examination is formed as fol- 
lows. That is, as shown in FIG.6, a barrier insulating film 
35 made of the SiOCH film Is formed on the p-type sili- 
con substrate 32 by the plasma enhanced CVD method 
using HMDSO and NgO as the film fomning gas. Film 
forming conditions of the barrier insulating film 35 will 
be given in the following. 

(i) Film fomning conditions 

film fomiing gas (flow rate): HMDSO (50 seem) 
+N2O (30 sccm)+CH4 (y seem) 
gas pressure: 1 Torr 
substrate temperature: 350 

The above CH4 gas flow rate (y seem) was 
changed In the range of 0 to 300 seem. 

(ii) Plasmanizing conditions 

high frequency power (13.56 MHz) Phf- 0 W 
low frequency power (380 kHz) Plp 100 W 

[0062] In addition, the mercury probe 34 that has an 
electrode area of 0.0230 cm^, which contacts to the bar- 
rier insulating film 35, is brought into contact with the 
surface of the barrier insulating film 35. 
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[0063] The measurement of the relative dielectric 
constant and the refractive index is conducted in the 
same way as the first embodiment. 
[0064] The measured results of the relative dielectric 

5 constant and the refractive index of the barrier insulating 
film are shown in FIG.5. In FIG.5, a left side ordinate 
denotes the relative dielectric constant represented in a 
linear scale, and a right side ordinate denotes the re- 
fractive index represented in a linear scale. An abscissa 

10 denotes the CH4 flow rate (cc/min. seem) represented 
in a linear scale. As shown in FIG.5, the relative dielec- 
tric constant is about 3.6 when the CH4 flow rate is 0 
seem, and is subsequently increased with the increase 
of the CH4 flow rate, and Is about 4.5 when the CH4 flow 

15 rate is 300 seem. Also, the refractive index has the same 
tendency, and is about 1 .64 when the CH4 flow rate is 
0 seem, and is about 1 .94 when the CH4 flow rate is 300 
seem. 

[0065] Also, according to another examination, the 

20 leakage current is in the order of 1 0'^ A/cm^ at the ap- 
plied electric field strength of 5 MV/cm. 
[0066] As described above, according to the second 
embodiment of the present invention, unlike the first em- 
bodiment, the film forming gas In which CH4 as the gas 

25 containing the hydrocarbon is added to the silicon com- 
pound and N2O is employed. In addition, the low fre- 
quency power is applied to the lower electrode 3, that 
holds the substrate, out of the parallel-plate type oppos- 
ing electrodes, and that the high frequency power is also 

30 applied to the upper electrode 2 that opposes to the low- 
er electrode 3. Accordingly, since the dense insulating 
film having the low dielectric constant can be fonned, 
the dielectric constant of the overall interlayer insulating 
film 25 including the barrier insulating film 31 can be re- 

35 duced and also the leakage current can be reduced by 
preventing more completely the diffusion of the copper. 
[0067] Also, N2O Is employed as the oxygen-contain- 
ing gas out of the film forming gas for the barrier insu- 
lating film 31 a that contacts to the copper wiring 23, and 

40 Its flow rate is reduced in contrast to the flow rate of the 
alkyi compound. As a result, since an amount of con- 
tained oxygen in the film fomriing gas is reduced, the ox- 
idation of the surface of the copper wiring 23 can be sup- 
pressed and also the diffusion of the copper can be pre- 

45 vented. 

[0068] In the above, the methane (CH4) is employed 
as the gas containing the hydrocarbon. But ethylene 
(C2H4) or ethane (CgHs) may be employed. 
[0069] As described above, according to the present 

50 invention, the insulating film that comes into contact with 
the wiring of the multi-layered wiring constituting the in- 
terlayer insulating film is fomned by plasmanizing the film 
fomning gas containing the alkyI compound having the 
siloxane bond and any one oxygen-containing gas of 

55 NgO, H2O, and CO2. whose flow rate Is equal to or less 
than the flow rate of the alkyI compound gas, to react 
mutually. 

[0070] Since the insulating film is fonned by the plas- 
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t ""^^ "='"9 f'"^ f°™ing gas 

conta.n,ng the alkyi compound having the siloxane bond 
or the plasma enhanced CVD method using the alkyI 
compound having the siloxane bond and the gas con 
aming the hydrocarbon, the insulating film having the 
low dielectric constant can be formed 
[0071] Also, since the gas containing a small amount 
of oxygen .s employed as the oxygen-containing gas 
serv.ng as the oxidizing agent, and the gas flow rate is 
reduced smaller than the flow rate of the alkyI com- 
pound, the oxidation of the copper wiring, for example 
can be prevented in forming the film. 
[0072] In addition, since the barrier insulating film is 
mserted between the upper and lower copper wirings 
he c^ffusion of the copper into the interlayTr insJZg 
° '^^^^'^ '""""9 '^^'^ ^^'^"'^^d and also the 

[0073] As described above, according to the present 
.nventron, the dense interlayer insulating film ha v'ng the 
smaH leakage current and the low dielectric constant 
can be formed. wiiainni 

P074] With the above, the present invention is ex- 
plained m detail based on the embodiments. But the 
scope of the present invention is not limited to the ex- 
amples shown particularly in the above embodiments 
and modifications of the above embodiment without de- 
parting from the gist of the present invention may be 
contained in the scope of the invention 
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A semiconductor device manufacturing method 
compnsing the steps of: 

preparing a substrate (21) from a surface of 
which copper wirings (23) are exposed; and 
forming an interiayer insulating film having a 
low dielectric constant on the substrate (21)- 
wherein the interiayer insulating film is formed 
of a multi-layered insulating film including an in- 
sulating film (24) that contacts with the copper 
wirings (23). and the insulating film (23) that 
contacts with the copper wirings (23) is formed 
by ptesmanizing a film forming gas containing 
an alkyI compound having an Si-O-Si bond and 
one oxygen-containing gas selected from the 
group consisting of N^O. H^O, and CO., whose 
flow rate is equal to or less than a flow rate of 
the siloxane, to react mutually. 

2. A semiconductor device manufacturing method ac- 
cording to claim 1 , wherein the film forming gas con- 
tains a gas containing hydrocarbon in addition to the ss 
alkyI compound and the oxygen -containing gas. 

3. A semiconductor device manufacturing method ac- 
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cording to claim 2, wherein the gas containing hy- 

^rJi^°"''?;^!.'^'^''*^^'''°'"*'^^9~"P^°"s'sting 
of methane (CH,). ethylene (C^H,). and ethane 

A semiconductor device manufacturing method ac- 
cording to claim 1 . wherein the alkyI compound hav- 
ing the Si-O-Si bond is one selected from the group 
consisting of ^ 

(ii)octamethylcyclotetrasiloxane(OMCTS: 



CH3 CH3 

I I 

CH3 — Si — 0 — Si — CH3 

/ I 
0 0 



CHs — 



)• 



Si — 0 — Si — CHs 
I I 
CH3 CHs 



8. 



>. A semiconductor device manufacturing method ac- 

fr^^rV^'^l^''"' ^ • parallel-plate type elec- 

frodes (2. 3) are employed as a plasma generating 
means and an AC power of a frequency of 1 00 kHz 
to 1 MHz is applied to an electrode (3). that holds 
the substrate (21 ). in forming the film. 

A semiconductor device manufacturing method ac- 
cording to claim 5, wherein an interval between the 
electrodes (2. 3) is set to more than a thickness of 
the substrate (21 ) and less than 25 mm. 

A semiconductor device manufacturing method ac- 
cording to claim 1 . wherein parallel-plate type elec- 
^odes (2. 3) are employed as a plasma generating 

than 1 iVIHz is applied to an electrode (2) that od- 
poses to the electrode (3) that holds the substrate 
(21). in forming the film. 

A semiconductor device manufacturing method ac- 
cording to claim 7. wherein an interval between the 
electrodes (2. 3) is set to more than a thickness of 
the substrate (21 ) and less than 25 mm 



9- A semiconductor device having: 
(i)a copper wiring (23); and 
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(ii)an interlayer insulating film formed on the 
copper wiring (23), comprising 

(a) a barrier insulating film (24) contacting 
with the copper wiring (23), having a low 
dielectric constant, being formed by the 
semiconductor device manufactunng 
method set forth in any one of claims 1 to 
8, and 

(b) an insulating film (25) formed on the bar- 
rier insulating film (24). 
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FIG. lA 
FIG. IB 

FIG. IC 




CF4 + CHF3 - based Etching Gas 

^ ^ ^ ^ ^ ^ ^ ^ 



FIG. ID 




11 



EP 1 156 133 A2 



CF4 + CHF3 - based Etching Gas 



FIG. IE 
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FIG. IF 
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FIG. 3 



Film Forming Conditions 

HMDSO Flow Rate: 50 seem 
N2O Flow Rate: 30 scorn 
Gas Pressure: 1 Torr 
Substrate Temperature: SSO'C 
Plasmanizing Conditions 

High Frequency Power: 0 W 
Low Frequency Power: 100 W 



Electric Field Applying 
Electrode Area for the 
Leakage Current Measurement 
0.023 cm2 



-8 



-6 



-2 



Electric Field Strength (MV/cm) 
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FIG. 4A 




FIG. 4B 




EP1 156133 A2 



FIG. 5 




CH^ Flow Rate (seem) 



Film Forming Conditions 

HMDSO Flow Rate: 50 seem 
N2O Flow Rate: 30 seem 
Gas Pressure: 1 Torr 
Substrate Temperature: SSO'C 

Plasmanizing Conditions 

High Frequency Power: 0 W 
Low Frequency Power: 100 W 
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FIG. 8A ^MDso 
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FIG. 8B HMDSO 
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